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Abstract
On the basis of recent neurophysiological results related to research in the noradrenergic system we predicted a correlation
between platelet MAO activity, serum DBH and the strength of the contrast illusion (Uznadze eﬀect) provoked in the visual ﬁeld.
The mechanism of this illusion is that the neuronal representation of a previously inspected ﬁgure distorts the correct perception of a
subsequently displayed test ﬁgure. Those layers that play important role in these processes are under massive noradrenergic in-
ﬂuence. This gives suﬃcient reason to test our hypothesis. Thirty healthy subjects were submitted to blood sampling and psy-
chological experiment. A signiﬁcant negative correlation was found between MAO activity and the strength of the contrast illusion
(r:)0.3634; p < 0:05). This result is relevant to the hypothesis that platelet MAO activity could be a good marker of the activity of
the monoaminergic systems in the brain. At the same time the correlation that was found suggests that the ﬁxed set method could be
a useful noninvasive tool for biological personality research on this ﬁeld.
 2002 Elsevier Science Ltd. All rights reserved.
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Because of its importance the neuroanatomical and
functional characteristics of the visual system are under
wide investigation (Guyton, 1991; Somogyi, Gabor,
Lujan, & Buhl, 1998). Those studies, which were done in
connection with monoaminergic systems, also enriched
our knowledge about the visual system. Animal experi-
ments show, that the primary visual cortex receives a
‘sandwich-like’ monoaminergic innervation. The layer
IV is innervated by the serotonergic system, layer III, V
and VI is under strong noradrenergic inﬂuence (Foote &
Morrison, 1987; Morrison & Foote, 1986; Morrison,
Foote, Molliver, Bloom, & Lidov, 1982), where-as
dopaminergic innervation is not signiﬁcant (Bloom,
1981; Moore & Bloom, 1978). The neurotransmitter of
the noradrenergic system is norepinephrine, which has
signiﬁcant inhibitory-hyperpolarizing eﬀect on the py-
ramidal cells and also potentiates the inhibitory eﬀect of
GABA, causing remarkable delay in the recovery time
of these cells (Moises & Woodward, 1980; Woodward,
Moises, Waterhouse, Yeh, & Cheun, 1991). The pyra-
midal cells superﬁcial and deep to layer IV serve higher
order information processing in that they are binocu-
larly driven and possess orientation speciﬁcity and
contrast sensitivity (Hubel & Wiesel, 1968).
In human studies platelet monoamine oxidase
(MAO) and serum dopamine-b-hydroxilase (DBH) en-
zymes are used as indirect markers of the central
monoaminergic activity. The activity of these enzymes
displays remarkable interpersonal diﬀerences, but their
intrapersonal stability is high. However the indirect
nature of these markers generates a lot of debate
(Gershon, Goldin, Lake, Murphy, & Guroﬀ, 1980;
Kalaria, Mitchell, & Harik, 1988; Oreland, Arai,
Stenstr€om, & Flower, 1983; Westlund, Denney,
Kochersperger, Rose, & Abell, 1985; Young, Laws,
Sharbrough, & Weinshilboum, 1986). Although the
marker function of these enzymes is under discussion, in
our previous study we have found convincing evidences
supporting their marker function. We studied the cor-
relation between MAO activity and VEP based on the
following observations: (1) the amplitude of surface
EEG is in positive correlation with the relative am-
plitudes of membrane potential of pyramidal cells
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(Creutzfeldt, Watanable, & Lux, 1966), (2) and the main
intracortical generators of visual evoked potential (VEP)
are located on layer V and VI (Kraut, Arezzo, &
Vaughan, 1985) which receive strong noradrenergic
innervation. Testing 31 healthy volunteers, the platelet
MAO activity displayed strong negative correlation with
the amplitude of VEP, which is concordant with the
inhibitory-hyperpolarizing eﬀect of norepinephrine in
the visual cortex (Magos, 1998).
Because the MAO activity related diﬀerences of VEPs
are indicative of the changed physiological conditions in
the primary visual cortex, we supposed that these
changes could also inﬂuence the basic perceptual pro-
cesses. To support our hypothesis, we tested the relation
of MAO activity to the strength of a visual illusion as
for the following reasons: (1) the generation of illusion is
located to the visual cortex (Terwilliger, 1961), (2) the
lateral inhibition plays an important role in its forma-
tion (Ganz, 1966a,b), (3) and its strength displays re-
markable interpersonal diﬀerences. We presumed that
the monoaminergic activity related physiological shift
could be at the root of the interpersonal diﬀerences of
the strength of illusion.
For our purpose the contrast illusion or Uznadze
eﬀect (Uznadze, 1931) was used. This illusion can be
provoked in all of the sensory modalities by an adequate
method, and its strength is characteristic for a given
subject (Bzhalava, 1962; Bzhalava, 1968; Kawaguchi,
1984; Nakatani, 1989; Uznadze, 1966). These properties
of the illusion are relevant to the neuroanatomic and
functional characteristics of the noradrenergic system.
The strength of the illusion was characterized by the
number of extinction exposures measured by the ﬁxed
set method (Piaget & Lambercier, 1944) and was cor-
related with the DBH and MAO activity, determined
from the subject’s blood samples.
1. Method
Subjects: Subjects were recruited from our hospital
staﬀ and students. Thirty healthy volunteers took part in
the experiment, 12 females and 18 males. Their average
ages was 21 ðSD 1:5Þ and 22.5 ðSD 2:1Þ years re-
spectively. None of them was under medication and they
were stated consent.
Experimental session: Because of the diurnal rhytmi-
city of enzyme activity (Banerij, Quay, & Kachi, 1978)
blood samples were drawn in each case at 8.30 in the
morning. After preparation, the samples were stored in a
deep-freeze until further analysis. Ten min later the
psychological tests were started. In this way one person
per day could be tested.
Psychological method: The strength of the illusion
was measured in the visual modality. The subject was
instructed to decide whether two tachistoscopically pre-
sented circles were of identical size, or not. When they
were not equal, the subject had to say which of them was
the bigger one. For identiﬁcation the ‘‘right’’, ‘‘left’’ or
‘‘equal’’ circle were used. First, two circles of diﬀerent
sizes were presented 15 times (ﬁxing period). The di-
ameters of the circles were 3 and 2 cm, respectively (Fig.
1/A). The stimuli were presented at 40 cm distance from
the subject in eye level for a period of 115 ms. The in-
terstimulus interval varied between 30 and 60 s. The
homogeneous white background was kept at 9 cd/m2
luminance. Thereafter, unnoticed by the subject, the
stimulus display was exchanged for one consisting of
two equal circles of 2 cm diameter (Fig. 1/B). Due to the
previous presentations an illusion was induced: the ex-
perimental subjects saw the two identical circles as being
of diﬀerent sizes. Presentation of the equal circles was
continued until the illusion was extinguished (extinction
period). The criterion for the extinction of the visual
illusion was ﬁve successive correct perceptions. Consid-
ering that in some subjects the illusion was rather per-
sistent, extinguishing exposures were repeated up to a
maximum of 100 times. The stimulus presentation fre-
quency varyed between 0.5 and 1.5 min on a random
way. Depending on the strength of the illusion the time
duration of a sessions varied between 20 and 90 min
from subject to subject. The number of extinguishing
exposures was used to characterize the strength of illu-
sion.
Biochemical methods: Plasma DBH activity was de-
termined according to the method of Nagatsu and
Udenfriend (1972). Here tyramine added to the enzyme
is converted to octopamine, which after oxidation to
Fig. 1. The A pair of circles was used in the ﬁxation period, the B pair
was used in the extinction period. The diameter of the circles was 2 and
3 cm; the distance between their center was 4 cm.
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para-hydroxy-benzaldehyde is determined photometri-
cally. The obtained values are expressed in nmol/mol
min units.
Platelet MAO was assessed according to the method
used also by Bagdy and Rihmer (1986). The results are
expressed in nmol/mg protein/h.
Statistical method: Our subjects displayed remark-
able diﬀerences in the required number of extinction
exposures, the range being from 0 to 99. MAO activity
was considered as independent variable. On the basis
of visual inspection a logarithmic correlation was found
between MAO activity and the number of extinction
exposures. For this the later were submitted a logarith-
mic transformation and a value of ‘one’ being added to
the individual readings for this purpose before statistical
analysis. Because we supposed a quantitative correlation
between the MAO activity and the strength of visual
illusion the linear regression analysis was used as a
statistical method (Lee & Lee, 1982).
2. Results
As a consequence of ﬁxing exposures, the equal cir-
cles seemed diﬀerent in size. Usually the one that seemed
bigger was the one, which replaced the circle of 2 cm
diameter (contrast illusion). In our experimental group
we could detect all the main characteristics of the illu-
sion as described by Uznadze (1966). In some subjects
the illusion proved static in nature. In these cases each of
the subsequent exposures evoked the illusion during the
extinction period but then, arriving at a turning point,
the illusion disappeared without any transitional phe-
nomena, never to appear again in the same session. In
other extreme cases we could not provoke the illusion at
all. However the great majority of our subjects showed a
changing pattern; correct and incorrect perception of the
circles alternated with each other until the criterion of
extinction was fulﬁlled. The individual values of the
extinction exposures scattered between 0 and 99.
The descriptive statistical analysis of our results dis-
played a positive skewed distribution. In the 53% of the
cases less than 10 exposures were required to the ex-
tinction of contrast illusion. Parallel with higher ex-
tinction ranges this ratio dropped on a nonlinear way.
The mean and standard deviation of our data was 19.97
and 27.63 subsequently (see Fig. 2).
Comparing the strength of visual illusion to DBH
activity we could ﬁnd no correlation. However a sig-
niﬁcant negative correlation (p < 0:05, Table 1) was
shown between MAO activity and the strength of visual
illusion (see Fig. 3).
3. Discussion
We have found negative correlation between the
strength of visual illusion and MAO activity, but not
with serum DBH. In the metabolic chain, DBH converts
dopamine to norepinephrine and is an enzyme of the
noradrenergic cells, while MAO takes part not only in
norepinephrine catabolism but also in serotonin and
dopamine metabolism. However the described mono-
aminergic innervation pattern of visual cortex and the
electrophysiological eﬀect of their neurotransmitters
suggest the priority of a noradrenergic modulatory eﬀect
in these processes.
As we have shown in our earlier VEP study (Magos,
1998), the MAO activity-related bioelectrical diﬀerences
suggest that there are remarkable interpersonal diﬀer-
ences in the physiological condition of the visual cortex.
In search of the neuroanatomic basis of these diﬀerences,
Fig. 2. The results of discriptive statistics are displayed in the table on the left-hand side whereas the frequency distribution and cumulative per-
centage of our results is shown in the diagram on the right-hand side.
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evidence pinpoints noradrenergic ﬁbers in layer V and
VI running parallel to the surface of the cortex. Neu-
rotransmission in the ﬁbers in focus is not simply re-
stricted to the active synaptic zones, but it is also
demonstrable at varicosities scattered along the length
of the whole ﬁber (Moore & Bloom, 1979). These vari-
cosities have no direct synaptic contact and the released
neurotransmitter homes in on its target by diﬀusion
(‘‘nonsynaptic cross-talk’’, Vizi & Labos, 1991; ‘‘para-
crine neurotransmission’’, Bunin & Wightman, 1999).
This means, that the neuronal tissue is ‘‘soaked’’ in
norepinephrine in the densely innervated layers.
The inhibitory eﬀect of norepinephrine is selective
because it depresses only the spontaneous ﬁring of py-
ramidal and Purkinje cells, while preserves or enhances
the aﬀerent-evoked excitation and inhibition (Freed-
man, Hoﬀer, Puro, & Woodward, 1976; Hoﬀer, Siggins,
Oliver, & Bloom, 1973). At the same time norepineph-
rine prolongs the recovery time of these cells, sometimes
up to as much as a few hours (Heginbotham & Dun-
widdie, 1991). One of the suggested mechanisms of this
phenomenon is a direct postsynaptic eﬀect, which
through b1 and b2 receptors raises the cyclic AMP levels
within the cell (Woodward et al., 1991). Another pos-
sibility is that norepinephrine can enhance stimulated
release of GABA (Dolphin, 1982; Lynch & Bliss, 1986),
which is the main neurotransmitter of inhibitory inter-
neurons.
It appears that the modulatory actions of norepi-
nephrine have the capacity to regulate the responsive-
ness of visual cortical circuitry over a wide range. An
increasing noradrenergic eﬀect improves the signal–
noise ratio of visual cortex and also increases the per-
sistence of neuronal reactions. Our present results are
concordant with these observations. In low MAO sub-
jects the neuronal excitatory and inhibitory processes,
which form the engram of a previously exposed big
circle, are stronger and more persistent than in the
subjects with high MAO measurements, and therefore
require more extinction exposure for the correct per-
ception of the subsequently exposed smaller circle. Our
present results prove, that a shift in noradrenergic ac-
tivity has not only electrophysiological but also per-
ceptual consequences.
Acknowledgements
The biochemical analysis were done in the Pathoce-
mical Laboratory, National Institute for Nervous and
Mental Diseases. I would like to thank Prof M. Arato
and his colleagues for the valuable help.
Fig. 3. The y-axis displays the values of extinction exposures in log
units, the x-axis represents the platelet MAO activity given in nmol/mg
protein/h units. Regression statistics of extinction exposures on MAO
activity was performed. The calculated values were for intercept 1.3317
(std. err. 0.2255) and for slope 0.05793 (std. err. 0.02807).
Table 1
Summary of statistics
Regr. summ. for dep. var.
R 0.3633623
R2 0.1320321
Adjusted R2 0.1010333
Std. err. est. 0.5808454
N 30
Stat. for regression analysis
df SS MS F p-level
Regression 1 1.4369947 1.4369947 4.2592586 0.0484158
Residual 28 9.4466794 0.3373814
Total 29 10.8836741
Coeﬀ. Std. err. t (28) p-level
Intercept 1.3317356 0.2255008 5.9056798 0.0000024
x-value 1 )0.0579314 0.0280703 )2.0637971 0.0484158
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